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DEVICES AND METHODS FOR BLOOD FLOW ASSISTANCE 



BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates generally to blood flow assistance. More 

specifically, the present invention relates to devices and methods for extra- 
vascular blood flow assistance. 
Background of the Invention 

[0002] Maintaining proper blood flow is one of the basic tenets of promoting 

good health. The heart, being the primary organ responsible for the driving force 
of blood flow, has the heavy burden of incessantly pumping small volumes of 
blood in an endless loop within the circulatory system. Thus, it should be 
expected that any event that affects the proper functioning of the heart would, in 
turn, affect proper blood flow through the circulatory system, which, in turn, will 
affect body health. Such events that affect proper heart pumping function 
include, for example, congenital heart defects, accidents, and various types of 
surgery. 

[0003] For example, in one such event, cardiac surgery, the heart often is at 

least partially damaged so as to need assistance in being able to increase in 
strength in order to perform its proper pumping function. For example, low 
cardiac output syndrome following cardiac surgery is not uncommon, and may be 
caused by impaired cardiac performance due to left, right or biventricular failure. 



[0004] Despite conventional pharmacologic treatment, some patients having 

had such procedures require the use of mechanical cardiac support to treat 
cardiac failure. For adult patients, conventional choices for mechanical cardiac 
support include, for example, the intra-aortic balloon pump ("IABP") and the 
ventricular assist device ("VAD"). For children and infants, options are much 
more limited. 

[0005] Application of the IABP for infants has a number of drawbacks, including 

limited hemodynamic effectiveness, difficulty in application, and limited 
availability. Utilizing a pediatric VAD or extracorporeal life support ("ECLS") may 
provide greater hemodynamic benefit than the pediatric IABP, but requires 
expensive equipment, specially trained personnel to deal with the complicated 
machinery, and has even more limited availability than the pediatric IABP. 

[0006] The limited effectiveness, technical difficulty, complexity and expense 

associated with current technology result in suboptimal clinical success for many 
patients, particularly in pediatric cases. Thus, there is a need for an easy to use, 
versatile and inexpensive system that provides blood flow assistance that is 
needed without suffering from the drawbacks of conventional blood flow systems. 

SUMMARY OF THE INVENTION 
[0007] The present invention provides low-profile, implantable blood flow 

assistance devices or methods that include simple and versatile components, 
making it ready to use without significant training or preparation time. As used 
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herein and throughout this disclosure, "low profile" means capable of being 
implanted within areas in the body with minimal interference with surrounding 
tissue because of the inherent shape of the device, designed to fit within such 
body areas. 

[0008] Furthermore, a device or method according to the present invention 

includes components that readily attach to fluid pumping equipment currently in 
use in clinics, making it universally acceptable in most clinical environments. 
Particular exemplary devices include a blood chamber and a fluid chamber that 
are separated by a flexible membrane that extends into either chamber to affect 
the volume of blood or fluid. Also, an insertion end is included in particular 
embodiments that may use a variety of attachment components that simplify, 
strengthen and anchor the device with respect to body tissue. 

[0009] In the case of use with pediatric patients, use of a small volume space in 

conducting extraaortic counterpulsation may be achieved in a manner which 
addresses the suboptimal effectiveness and technical difficulties associated with 
the use of conventional technologies. Many other advantages of the present 
invention are described in more detail below or are apparent to one having 
ordinary skill in the art upon consideration of the exemplary embodiments 
presented herein. 

[0010] In one particular embodiment of the present invention, a device is 

disclosed for promoting blood flow. The device comprises a blood chamber 
having a blood chamber port, the blood chamber being in communication with a 
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source of blood; a fluid chamber having a fluid chamber port, the fluid chamber 
being in communication with a source of fluid pressure; and a flexible membrane 
separating a portion of the blood chamber from a portion of the fluid chamber. 
When fluid enters the fluid chamber through the fluid chamber port, the flexible 
membrane moves further into the blood chamber causing any blood therein to 
flow out of the blood chamber through the blood chamber port. Alternatively, 
when fluid exits the fluid chamber through the fluid chamber port, the flexible 
membrane moves further into the blood chamber causing any blood therein to 
flow out of the blood chamber through the blood chamber port. 

[001 1] In another embodiment of the present invention, a system is disclosed 

for promoting blood flow. The device comprises means for storing blood, the 
means for storing blood being in communication with a source of blood; means 
for storing fluid, the means for storing fluid being in communication with a source 
of fluid pressure; and means for controlling blood and fluid storage, the means 
for controlling blood and fluid storage being in communication with both the 
means for storing blood and the means for storing fluid. When fluid enters the 
means for storing fluid, the means for controlling blood and fluid storage causes 
blood to flow out the means for storing blood. Alternatively, when fluid exits the 
means for storing fluid, the means for controlling blood and fluid storage causes 
blood to flow into the means for storing blood. 

[0012] In yet another embodiment of the present invention, a method is 

disclosed for promoting blood flow. The method comprises providing a blood 
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chamber having a blood chamber port, the blood chamber being in 
communication with a source of blood; providing a fluid chamber having a fluid 
chamber port, the fluid chamber being in communication with a source of fluid 
pressure; providing a flexible membrane separating a portion of the blood 
chamber from a portion of the fluid chamber; flowing fluid into the fluid chamber 
through the fluid chamber port; causing movement of the flexible membrane into 
the blood chamber; and flowing blood out of the blood chamber through the 
blood chamber port 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] Fig. 1 shows an external perspective view of a blood flow assistance 

device according to an exemplary embodiment of the present invention. 
[0014] Fig. 2 shows a perspective view of the device shown in Fig. 1 , having 

conduits removed for sake of simplicity, showing various blood and fluid flow 

movements into and out of chambers within the device. 
[0015] Fig. 3 shows a number of different exemplary embodiments of shapes 

for a blood chamber with respect to a fluid chamber and changes in such shapes 

occurring in reaction to blood movement into and out of such a blood chamber. 
[0016] Fig. 4 shows exemplary embodiments of blood chamber shape 

configurations as used for a blood flow assistance device according to exemplary 

embodiments of the present invention. 



5 



[0017] Fig. 5 shows the positioning of a rigid tip of a blood flow assistance 

device according to exemplary embodiments of the present invention wherein the 
rigid tip is held in position with respect to a blood vessel through various means, 
including use of suture and use of an anchoring mechanism. 



DETAILED DESCRIPTION OF THE INVENTION 
[0018] The present invention includes devices and methods used for blood flow 

assistance for patients whose cardiac output is too low to maintain a healthy flow 
of blood through the circulatory system. Using principles of extra-vascular 
counterpulsation as the primary driving force, various embodiments of the 
present invention allow for intake of blood from a blood vessel during periods of 
systole and expel of such intaken blood during periods of diastole. Such intake 
and expel of blood through a mechanized external device provides a 
supplemental driving force to enhance the heart's weakened cardiac output. 
However, exemplary embodiments of the present invention are not limited to 
counter-pulsation pulsation and may also be used in conjunction with the cardiac 
cycle as is apparent to one having ordinary skill in the art. For example, 
exemplary devices described herein may be used to assist the right atrium of the 
heart in generating pulsatile pressure. Other exemplary uses will be described 
below. 

[0019] Use of exemplary embodiments of the present invention addresses an 

important clinical need for simple, effective treatment of postoperative cardiac 



6 



failure, particularly in pediatric patients. Although such exemplary devices and 
methods are typically most effective when applied to the aorta, the present 
invention is not limited to attachment thereto, and may be used in any area of the 
body that could benefit from assistance in increasing flow of blood. For example, 
such exemplary devices may be attached to other cardiovascular structures, 
such as, for example, the pulmonary artery and the heart itself. 

[0020] An exemplary embodiment of the present invention is presented as flow 

device 100, as shown in Fig. 1, used for promoting flow (and associated 
pressure) in a circulatory system. Such flow may be either counterpulsation or 
pulsatile, as deemed by a health care worker for a particular patient. Although 
device 100 may be used for an adult or child, animal or human, depending on the 
volume and shape of the device, examples presented herein will be made with 
particular emphasis to pediatric patients because of the unique and difficult 
challenges presented in such patients. However, the present invention and its 
teachings and suggestions are not limited to pediatric patients, or only to 
humans, but to adults as well as animals. 

[0021] Device 100 includes an external housing unit 110, which houses one or 

more chambers. In the example shown in Fig. 1, housing 110 includes a blood 
chamber 150 and a fluid chamber 160. Blood chamber 150 is shown in this 
particular embodiment as a spheroid valveless single-port pumping chamber. 
However, other types of chambers are also possible as long as they are also low 
profile and biocompatible. Device 100 has a low profile design that allows it to be 
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implantable into a body. For example, device 100 may be implanted in the 
anterior mediastinal space. 

[0022] Blood chamber 150 is in communication with a blood chamber port 120 

that enables passage of blood into and out of blood chamber 150. Blood 
chamber port 120 is coupled with a flexible conduit 125, which ends in a rigid tip 
130. Although rigid tip 130 is shown having a specific shape in Fig. 1, flow 
device 100 is not limited to only such an exemplary embodiment and many other 
types of rigid tips 130 may be also used. Rigid tip 130 has a tip end 131 which 
may be slanted, as shown in Fig. 1 , to allow for easier insertion into body tissue. 
Such slanted shape is also beneficial in directing flow in a particular direction, 
such as downstream in a blood vessel. An adaptor end 135 of rigid tip 130 
allows coupling of rigid tip 130 to conduit 125. 

[0023] Rigid tip 130 has the ability to be attached to a blood vessel using 

conventional suturing techniques (e.g., purse string suturing). Rigid tip 130 
design may vary as well as the type of material used. For example, rigid tip 130 
may be rigid or flexible, but not so flexible that it provides difficulty in inserting 
into a blood vessel. Any type of rigid tip 130 may be used according to 
embodiments of the present invention as long there is an adaptor end 1 35 that 
can mate with blood conduit 125. For example, a small caliber tip, which may be 
in a cannula connector size, may be used to allow quick insertion into body 
tissue. 
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The various embodiments of rigid tip 130 design minimize the space 
required to attach flow device 100 to body tissue, as compared to conventional 
techniques which require direct sewing of the conduit 125 to the vessel. Some of 
the embodiments of rigid tip 130 may include, but are not limited to, an anchoring 
mechanism created or deployed by shape memory materials (e.g., nitinol), 
expandable wire structures, inverted contact lens shapes or the like. Such 
varying designs allow for end to side connection of rigid tip 130 to a side of a 
blood vessel or branch connection of rigid tip 130 directly to a blood vessel 
branch. A primary advantage of such a type of rigid tip 130 is the ease of 
insertion into body tissue as compared to partial clamp and sewing to such 
tissue, which are typically necessary procedures of conventional techniques. 
Exemplary embodiments of rigid tips and means of anchoring to a blood vessel 
are presented in Fig. 5 and will be discussed in further detail below. 

In certain exemplary embodiments, a flexible membrane 155 separates 
blood chamber 150 and fluid chamber 160. Such a membrane may be relatively 
thin or thicker, as long as there is no leakage, and acts as a moving diaphragm to 
control the sizes of both blood and fluid chambers 150 and 160, respectively. 
Movement of flexible membrane 155 promotes motion of blood into and out of 
blood chamber 150 and fluid into and out of fluid chamber 160. 

A fluid chamber port 170 allows fluid to enter and exit fluid chamber 160. 
A flexible fluid conduit 175 is coupled with fluid chamber port 170 and allows for 
communication between fluid chamber 160 and an outside source of fluid (not 
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shown). A fluid source adaptor 180 connects with an outside source of fluid to 
create a closed fluid space to allow fluid to be driven into and out of fluid 
chamber 160. Such outside sources of fluid may include, but are not limited to, 
rhythmic pumps, IAB pumps, manual pumps, or the like. Such outside fluid may 
be, for example, air or other inert gas or liquid. 
[0027] The volume of blood chamber 150 may typically be up to 60 mL for use 

in pediatric and adult patients. More preferably, a volume size of up to 35 mL will 
be used to account for most patients. In one particular exemplary embodiment 
particularly most suitable for pediatric patients, flow device 100 is an air driven 
bladder-type pump with a flexible membrane 155 separating blood chamber 150 
and fluid chamber 160. Its small physical size and small pumping volume (e.g., 
10 mL maximum) of flow device 100 could be used more specifically for 
neonates and infants. 

[0028] In a particular exemplary embodiment, flow device 100 has a low profile 

design with a single eccentrically located blood port 120 attached to an 8 mm 
woven vascular graft 125. Vascular graft 125 may be connected to an ascending 
aorta or pulmonary artery via rigid tip 130. The material used for vascular graft 
125 may be synthetic or natural (e.g., xenografts, cryopreserved or cadaveric 
fixed conduits). Such materials are not specific to the embodiments of the 
present invention and may be obtained from appropriate vendors. 

[0029] Slanted end 131 of rigid tip 130 makes implantation as easy as inserting 

an arterial cannula into a blood vessel. Alternatively, such a slanted end 131 
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may be cut off if a sutured anastomosis is desired. The particular location of 
insertion of rigid tip 130 into a blood vessel should be determined for the most 
ideal treatment procedure for a particular patient. For example, blood flow device 
100 may be attached to the aorta to assist the left ventricle, the pulmonary artery 
to assist the right ventricle or multiple devices attached to both the aorta and the 
pulmonary artery for biventricular assistance. Device 100 may also be positioned 
to assist the right atrium in pulsatile pressure generation. The flexibility of 
application of devices according to the present invention allows for positioning of 
such devices anywhere where such assistance is sought. 

[0030] Flow device 100 is designed to be operated by standard pumping 

devices, such as a standard IAB pumping console fitted with an adaptor 180 for 
pediatric IAB. Two devices (for biventricular assistance) may be driven 
simultaneously from the same IAB console. There is no need for a specialized 
fluid pump to drive the motion of flow device 100, thereby making such device 
universally applicable and adaptable to existing hospital and clinic equipment. 

[0031] As shown in the examples herein, components that are in contact with 

blood or other body fluid should be biocompatible so as to present no toxic or 
other ill effects for the patient. Components that are in contact with fluid flow 
should be airtight to enable proper fluid flow or fluid storage through or within 
such components, respectively. For example, most or all of flow device 100 may 
be fabricated from blood-compatible polyurethane using thermoforming (vacuum 
forming) techniques or injection molding. Materials other than polyurethane may 

11 



also be used as long as they have properties that are suitable to the function of 
the current invention. For example, silicone, or other biocompatible plastics or 
polymers or mixtures thereof may also be used as long as the properties of the 
material are compatible with the function of device 100. 

[0032] Device 100 may be constructed as a single unitary piece using, for 

example, thermoform or RF welding. Alternatively, each of the components in 
device 100 may be separable, such that particular pieces may be replaced or 
exchanged. This latter alternative is particularly useful to decrease cost of using 
an entirely new device 100 for each patient rather than just replacing blood 
chamber 150 and associated conduit 125 and rigid tip 130 with each new patient. 
Such modularity of particular components of device 100 also ajlows for differing 
shaped and sized components to be used together for a particular patient. Such 
components may be attached together using standard attaching means, such as, 
for example, snaps, locks, pins or the like. 

[0033] In use, flow device 100 shown in Fig. 1 provides improved flow of blood 

into and out of blood chamber 150 in conjunction with reverse flow of fluid into 
and out of fluid chamber 160. As shown in a cross section schematic in Fig. 2, 
housing 210 includes a flexible membrane 255 separating blood chamber 250 
from fluid chamber 260. Blood chamber 250 includes a blood chamber port 220 
to enable blood to enter and exit chamber 250. Likewise, fluid chamber 260 
includes a fluid chamber port 270 to enable fluid to enter and exit chamber 260. 
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[0034] As shown in Fig. 2A, blood enters blood chamber 250 at the beginning of 

the heart pumping cycle through blood chamber port 220. For example, such 
blood may be freshly pumped blood flowing out of the left ventricle into the aorta 
and further into an opening in a rigid tip (not shown) that leads to blood chamber 
port 220. As blood flows into blood chamber 250, flexible membrane 255 moves 
downward into fluid chamber 260, which in turn causes any fluid inside fluid 
chamber 260 to exit through fluid chamber port 270. 

[0035] A driving force, which may be used to remove fluid from fluid chamber 

270, may be, for example, a positive/negative pressure source (not shown) that 
is attached to a distal end of fluid chamber port 270. As a negative pressure 
source (e.g., vacuum source) creates the necessary negative pressure 
necessary to exhaust fluid out of fluid chamber 260, flexible membrane 255 is 
caused to move further into fluid chamber 260, thereby increasing the volume of 
blood chamber 250. A sudden increase in volume of blood chamber 250 causes 
a relative drop in pressure therein, thereby promoting an inflow of blood into 
blood chamber 250 from a blood flow source, such as the aorta. 

[0036] As blood enters into blood chamber 250 and fluid exits from fluid 

chamber 260, flexible membrane 255 extends further into fluid chamber 260. 
This downward movement shown in Fig. 2B enables a larger volume of blood to 
enter blood chamber 250. However, after blood chamber 250 is filled, the active 
exhaust of fluid from fluid chamber 260 is ceased and a reversal of flow motion is 
initiated. Alternatively, the positive/negative pressure source may be 
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programmed for a particular stroke volume or for a particular stroke rate, upon 
reaching such volume or maintaining such rate, reversing pressure to reverse 
fluid flow direction, having a direct influence on blood flow direction. For 
example, a pediatric stroke volume is about 5 cc to about 10 cc. An exemplary 
stroke rate may be up to about 150 beats per minute ("bpm"), but more likely 
about 80-150 bpm. Many other alternative volume and stroke rate 
combinations are possible and are within the scope and extent of the teachings 
of the present invention. 

[0037] In reverse flow, fluid is pumped into fluid chamber 270 as a direct result 

of positive pressure in a pressure source (not shown), as shown in Fig. 2C. In 
such flow, flexible membrane 255 is forced somewhat into blood chamber 250, 
displacing blood that is in blood chamber 250 and causing it to flow out through 
blood chamber port 220, and into the original blood source, such as the aorta. 
Such a reversal of motion may be driven by a reversal of vacuum to pressure 
switch on the positive/negative pressure source (not shown) in communication 
with fluid chamber 260. A driving force of fluid into fluid chamber 260 creates the 
opposite motion of blood in Fig. 2C as compared to Fig. 2A. 

[0038] As fluid chamber 260 fills to capacity, as shown in Fig. 2D, the upward 

movement of flexible membrane 255 reaches a maximum level. In movement 
toward this position, the rate of displacement from blood chamber 250 slows, and 
ejection ends. This marks the end of the pumping cycle and the cycle begins 
with that shown in Fig. 2A. Thus, Figs. 2A - 2D show a typical blood flow 
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pumping cycle used by flow devices according to various embodiments of the 
present invention. 

[0039] One of the advantages of the exemplary embodiments of the present 

invention over that of conventional devices is the low profile shape. The lower 
profile configuration allows surgeons or other health care workers the option to 
temporarily place the device within the thorax or to maintain the device outside of 
the body. Additionally, an externally accessible quick-connect adaptor 180 
allows for air inflation/deflation of the chambers of the housing without unneeded 
access to the working components of the device. In contrast, conventional 
devices are primarily made for external use only and do not provide the option of 
placing the flow assistance device within the chest cavity. This additional 
advantage provides a surgeon with options that would be most beneficial for a 
particular patient. 

[0040] There are many advantages to having the ability to implant such a 

device into the body cavity rather than to maintain it externally. Implantable 
devices allow for shorter connectors, thereby placing such devices closer to the 
blood source. As a result, less blood volume is required to fill the conduit, 
thereby improving the cycling capability or performance of the device. Stated 
differently, an implantable device according to the present invention allows for 
improved filling and evacuation of blood chamber 150 as compared to 
conventional devices because of the reduced residual volume. Decreased travel 
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distances and contact with foreign materials for blood cells cause potentially less 
blood compatibility or trauma problems. 

Another advantage of exemplary embodiments of the present invention 
over that of conventional devices includes the decreased requirement for space. 
Less required space for the present invention allows for temporary placement of 
device into the body. Also, a lower required pumping volume (e.g., priming, 
stroke volume and tidal volume) decreases the volume of exposed blood volume, 
which is common for larger devices, which exposed blood volume is larger than 
the total stroke volume (resulting in blood remaining in graft and chamber at end 
of pump cycle). Such lower pumping volume is most ideal for pediatric patients. 

Another advantage of particular exemplary embodiments of the present 
invention is in its ellipsoid shape, having a large radius and low profile. Such 
shape allows for easier insertion into the body without a large requirement of 
space or the creation of a large bulky area. For example, exemplary 
embodiments of the present invention may be positioned within the anterior 
mediastinal space, which small space is suitable only for low-profile shapes. 
Thus, this ellipsoidal shape is most beneficial in pediatric patients whose bodies 
do not have enough bulk to house such a device. 

Use of a non-rigid polyurethane or any other biocompatible polymer or 
other synthetic material with a low durometer housing 110 allows the ability to 
manually de-air the device by pulsing the chamber with fingers. Furthermore, 
flexibility of housing 110 allows greater opportunity for placement into tight 
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spaces, and allows greater conformance and less compression due to adjacent 
structures. Such compression may be reduced or eliminated, depending on 
durometer of material, and is apparent to one having ordinary skill in the art. For 
example, a durometer range of 20-60 is preferable for materials used in certain 
exemplary embodiments of the present invention. Finally, the flexibility of 
positioning flow device 100 allows for greater number of choices for attachment 
in the body, including, but not limited to, aorta, pulmonary artery or aortic arch 
vessel, and increased flexibility of choice of placement (e.g., insertion sites). 

Although exemplary embodiments shown in Figs. 1 and 2 have been 
presented with a particular shape for blood chamber 150, such shape is not a 
limitation of the present invention. Other shapes may also be used. For 
example, in some exemplary embodiments of the present invention as shown in 
Fig. 3, the shape of blood chamber 350 can be invertible. In such embodiments, 
blood chamber port 320 of blood chamber 350 will be flexible to allow for 
expansion during the blood ejection period. The shape of chamber 350 and the 
inversion that occurs during filling and ejection is intended to reduce the local 
region of stagnation. The blood chamber 350 is intended to remain "seamless" 
and without areas of significant stagnation of flow during all parts of the filling and 
ejection periods. Use of a larger exit orifice (e.g., dynamic increase in diameter) 
results in lower shear stresses and better flow characteristics than a smaller exit 
orifice. 
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[0045] As shown in Fig. 3A, as blood chamber 350 is being filled with blood, its 

outer surface 355 which is partially controlled by the shape of fluid chamber 360, 
which may be controlled by a flexible membrane, is shaped such that blood 
rapidly flows through blood chamber port 320 and into blood chamber 350. At 
the end of the filling cycle, the chamber 350 changes in shape, partly through 
influence of flexible membrane 355, such that blood exits blood chamber 350 
through a larger blood chamber port 320. Such inversion allows for better flow 
characteristics, lower shear stresses (resulting in less potential harm to blood 
components), and reduced areas of blood stagnation within blood chamber 350. 

[0046] Fig. 3B shows the dynamics of blood flow into and out of blood chamber 

350 with more detail. Blood enters through flexible conduit 325 and into blood 
chamber 350 through blood chamber port 320. At the end of the blood pumping 
cycle, blood is caused to exit blood chamber 350 by enforcement of forces 356 
generated within fluid chamber 360 on flexible membrane 355, causing an 
enlarged opening in blood chamber port 320 and release of blood back through 
flexible conduit 325. Such flexible conduit 325 may also enlarge during the blood 
exit stage, thereby further resulting in decreased imposed shear stresses on the 
exiting blood. 

[0047] Such inflow and outflow of blood with respect to blood chamber 350 may 

be directed by inflow and outflow of fluid with respect to fluid chamber 360 
through fluid chamber port 370. As shown in both Figs 3A and 3B, blood 
chamber 350 is at least partially surrounded by fluid chamber 360 which serves 
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to squeeze blood chamber 350 in a rhythmic fashion. These figures are shown 
through a mid-device plane to show the details of the internal blood and fluid 
flow. 

[0048] In an exemplary embodiment of the present invention as shown in Fig. 

3C, a multi-component element may be used to create staged inflation and 
deflation patterns. This can be used as a drive mechanism to expel blood in a 
manner that reduces the potential for stagnation regions within blood chamber 
350. In the example shown, housing 310 contains segmented fluid chamber 
regions 351, 352, 353, 357, 358, and 359, each sharing its some surface area 
with blood chamber 350. 

[0049] Such a multiple fluid-chambered mechanism may have sequential 

inflation/deflation characteristics to prevent areas of stagnation within blood 
chamber 350. Each has chamber 351 , 352, 353, 357, 358 and 359 may be 
connected to its adjacent chamber through a mutual port 371 , thereby allowing 
uniformity of vacuum and pressure among all chambers as determined by fluid 
chamber port 370. Alternatively, each chamber 351, 352, 353, 357, 358 and 359 
may have its own independent source of positive/negative pressure through an 
independent port (not shown) which will allow each chamber to expand and 
contract in a staggered flow pattern. 

[0050] Alternatively, each fluid chamber may be donut-shaped and positioned 

about blood chamber 350 in a concentric manner such that fluid chamber 351 is 
the same as fluid chamber 357, fluid chamber 352 is the same as fluid chamber 
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358, and fluid chamber 353 is the same as fluid chamber 359. In such a manner, 
each donut-shaped fluid chamber 351/357, 352/358, and 353/359 is exposed to 
a source of vacuum or pressure in a sequential manner. 

[0051] In the example shown in Fig. 3C, pressure force 353' created within 

concentric fluid chamber 353/359 will serve to push on flexible membrane 355 of 
blood chamber 350 to promote the exit of blood out through blood chamber port 
320. As force 353' increases to promote flow of blood out of the far end of blood 
chamber 350, force 352' is formed within fluid chamber 352/358 and is imposed 
on flexible membrane 355 to further promote exit of blood out of blood chamber 
350. In such a sequential manner, forces are formed in concentric fluid 
chambers positioned about blood chamber 350 to systematically and sequentially 
force blood of chamber 350 in a unidirectional manner. 

[0052] Although such an example is shown in Fig. 3C with blood chamber 350 

having a single blood chamber port 320, the same mechanism may be used for a 
blood chamber with multiple blood chamber ports such that blood is directed into 
the chamber through one port (e.g., port 320) and directed out of the chamber 
through another port (e.g., positioned in far right side of blood chamber 350). 
Other optional configurations are also possible and apparent to one having 
ordinary skill in the art, such as a circular dome with a flower/peddle design that 
inflates/deflates differently during each cycle, thereby altering the blood flow 
pattern through housing 310. 
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[0053] Various exemplary embodiments in the present disclosure have been 

shown with specific shapes and configurations. However, the present invention 
is not limited to such exemplary shapes and configurations. For example, blood 
chamber 350 shown in Figs. 3A-C has been shown with a distinct shape for 
exemplary purposes. Many other shapes are also possible for blood chamber 
350 and are within the scope of the present invention. As an example, blood 
chamber 450, shown in Fig. 4A, in the shape of a flask, may also be used. 
Another non-limiting example is blood chamber 451 shown in Fig. 4B, in the 
shape of a bulb or teardrop. Other shapes are also possible, apparent to one 
having ordinary skill in the art, and do not detract from the teachings of this 
disclosure. 

[0054] As briefly discussed above, one of the advantages of the exemplary 

devices and methods according to the present invention is the ease of 
attachment to a tissue in the body. For example, rigid tip 130 shown in Fig. 1 is 
designed to be inserted quickly and cleanly into body tissue. In one particular 
embodiment shown in Fig. 5A, rigid tip 530 is shown in a position such that its 
rigid tip end 531 is directed through an opening 591 within a blood vessel 590. 
Such blood vessel may be, for example, an aorta. Rigid tip adaptor 535 secures 
rigid tip 530 with respect to a conduit (not shown) leading to blood chamber (not 
shown). 

[0055] In the particular example shown in Fig. 5A, blood movement in the 

direction of arrow 596 flows in the same downstream direction of an open end of 
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rigid tip end 531 to facilitate the flow of blood from a rigid tip 530 down the interior 
595 of blood vessel 590. In the particular example shown in Fig. 5A, the rigid tip 
530 may be secured in position through various means, including, for example, 
conventional suturing techniques. 
[0056] In another exemplary embodiment, as shown in Fig. 5B, rigid tip 530 

may be secured in position with respect to a blood vessel 590 such that its rigid 
tip end 531 is located within the interior 595 of blood vessel 590 without use of 
sutures. In this exemplary embodiment, rigid tip 530 includes an anchoring 
mechanism 532 that is convex on its lower surface and flat on its upper surface 
as shown in Fig. 5B, similar to a contact lens for an eye with an opening in the 
center. This shape for anchoring mechanisms 532 enables rigid tip 530 to be 
easily inserted into blood vessel 590 through opening 591 such that the lower 
convex surface has no edges and slides more easily through opening 591 . 
Anchoring mechanisms 532 may be constructed from a soft, low durometer 
polymer or material that will minimize tissue trauma as it slides into position 
through opening 591. 

[0057] Once anchoring mechanism 532 is positioned within the interior 595 of 

blood vessel 590, rigid tip 530 may be pulled in an upward position relative to 
Fig. 5B such that its upper flat surface becomes flush with an interior surface 592 
of blood vessel 590. The upper flat surface of anchoring mechanism 532 lays 
substantially flat against interior surface 592 of blood vessel 590 such that need 
for a suture anastomosis is reduced or eliminated. Such a rigid tip 530 having 
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anchoring mechanism 532 provides a surgeon or other health care worker with 
more convenience in quickly inserting and positioning rigid tip 530 in blood vessel 
590 of a patient. Such a rigid tip 530 will not easily pop out of blood vessel 590 
because anchoring mechanism 532 serves to anchor rigid tip 530 in place, 
thereby reducing risks of blood loss and injury to a patient if such a device is 
dislodged during use. 

[0058] There are many other means of securing rigid tip 530 in position with 

respect to blood vessel 590 such that rigid tip end 530 is located within the 
interior 595 of blood vessel 590, other than as shown in Figs. 5A and 5B. Such 
other means are within the purview of one having ordinary skill in the art and 
within the scope of the present invention. 

[0059] Devices and methods according to the present invention have many 

advantages over that of related art. Many of such advantages are described 
above or and inherent or intrinsic to the invention. An advantage of the present 
invention that distinguish it from conventional devices relates to the flexibility of 
such devices, in that they may have a variety of different shapes and are not 
limited to ellipsoidal sacs. Exemplary devices described herein also may have 
continuous contour shapes (e.g., spheroid, bulb, flask) to aid in improved fluid 
handling. Such varying shapes and positioning of blood chamber ports reduce 
trapping of blood with the blood chamber and reduce stagnation regions. 

[0060] Many uses of devices according to the present invention are possible 

and within the purview of one having ordinary skill in the art. One particular 
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example is presented here. Cardiopulmonary bypass used in conventional 
coronary artery bypass surgery introduces risk of complications. In order to 
reduce risk, the trend is moving towards off-pump coronary artery bypass 
("OPCAB"). However, manipulation and rotation of the beating heart to gain 
access to the epicardial vessels may lead to blood pressure and perfusion 
instability. This may be due to kinking of the right ventricle when the posterior 
aspect of the heart is exposed, or left ventricular dysfunction when the heart is 
elevated or displaced to the right to expose the left lateral aspect of the heart. 

[0061] An exemplary device according to the present invention may be used in 

the above example as a procedure-enabling counterpulsation assist device to 
provide blood pressure and flow support for OPCAB procedures, permitting the 
operation to be completed without cardiopulmonary bypass. An exemplary 
device may be placed on the pulmonary artery for right ventricular assistance, on 
the aorta for left ventricular assistance, or on both simultaneously for biventricular 
assistance. The devices may be used to temporarily support blood pressure 
and flow during the procedure, and removed at completion of the procedure. 

[0062] Yet another exemplary use of device may be to provide temporary 

pulsatile cardiac support during and operations for repair of congenital cardiac 
disease. For example, the device may be attached to the right atrium to 
generate pulsatile pressure for assisting pulmonary blood flow after construction 
of a shunt from right atrium to pulmonary artery in patients with tricuspid atresia 
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or right heart hypoplasia. In this application, the device may be operated with or 
without synchronization to the cardiac cycle. 
[0063] The foregoing disclosure of the preferred embodiments of the present 

invention has been presented for purposes of illustration and description. It is not 
intended to be exhaustive or to limit the invention to the precise forms disclosed. 
Many variations and modifications of the embodiments described herein will be 
apparent to one of ordinary skill in the art in light of the above disclosure. The 
scope of the invention is to be defined only by the claims appended hereto, and 
by their equivalents. 

[0064] Further, in describing representative embodiments of the present 

invention, the specification may have presented the method and/or process of 
the present invention as a particular sequence of steps. However, to the extent 
that the method or process does not rely on the particular order of steps set forth 
herein, the method or process should not be limited to the particular sequence of 
steps described. As one of ordinary skill in the art would appreciate, other 
sequences of steps may be possible. Therefore, the particular order of the steps 
set forth in the specification should not be construed as limitations on the claims. 
In addition, the claims directed to the method and/or process of the present 
invention should not be limited to the performance of their steps in the order 
written, and one skilled in the art can readily appreciate that the sequences may 
be varied and still remain within the spirit and scope of the present invention. 
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